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IHTRODUCTIOI 

The  dairy  cow,  becauec  of  her  rumen, la  capable  of 
economically  utilising  fibrous  plants  aa  a  a  urce  of  nutri- 
ents.  The  problem  of  obtaining  maximum  production  economic- 
ally from  the  feeding  of  the  dairy  cow  hae  stimulated  efforts 
toward  greater  undera tending  of  roughage  utilisation*  Alfalfa, 
Medlcago  aatlve.  was  Introduced  Into  the  United  Statee  by 
the  Spanish  In  the  1850*8  and  la  one  of  the  Important  herbage a 
utilised  In  the  ration  of  the  dairy  cow, 

Ihe  decision  as  to  when  to  harveat  the  alfalfa  plant  In- 
volvea  management  problems,  climatic  conditions,  and  plant 
differences  In  order  to  obtain  msxlmura  yield  of  high  quality 
feed*  The  casual  observer  can  see  changes  In  the  phyalcal 
appearance  of  the  plant  aa  It  advancce  In  maturity.  If  maximum 
raaults  sre  to  be  obtained  factors  suoh  ss  yield,  palatablllty 
and  changes  In  chemlcel  composition  of  the  plant  must  be  con- 
sidered to  determine  the  best  time  for  harvesting  of  the  plsnt. 

This  study  *as  Initiated  to  obtain  information  on  the 
effects  of  harveating  eucceaaive  cuttings  of  alfalfa  hay  at 
different  atsges  of  maturity  on  milk  production  by  dairy  cowa. 

RFVIBt  OF  LITFJUTURF 

One  of  the  problems  of  roughage  evaluation  la  the  defin- 
ition of  quality  as  related  to  hay.  Smith  (1957)  recosnilsed 
this  difficulty  whan  he  propoaed  that  *  —the  problem  of 


determining  quality  of  roughage*  has  ae  many  facets  at  there 
are  men  who  have  proposed  definitions. H  The  usual  criteria 
for  evaluation  have  been  the  0.  S.  hay  grades  baaed  on  plant 
species,  color,  leaflness  end  proportion  foreign  natter. 
These  are  queationable  as  measures  of  feeding  quality,  ic  ord- 
int  to  Smith* 

■any  comparisons  of  the  nutritive  velue  of  slfelfs  hay 
eut  st  different  stsges  of  maturity  have  not  included  milk  pro- 
duction ss  s  criterion.  As  early  as  1897»  idstoe  listed 
three  criteria  for  determining  the  time  of  cutting  hayt   (1) 
composition  of  the  hay,  (?)  dig*atibility  of  the  orsge  and 
(3)  the  production  per  acre  of  each  nutrient*  Bohatedt  (19Mi) 
suggested  leaflness  as  a  fsetor  sffectlng  quality  of  a  forage* 
Huf fmsn  (1939)  stated  that  the  value  of  roughage  for  dairy  cattle 
depended  upon  the  amount  of  dry  matter  consumed,  the  chemical 
composition  of  the  roughs ga  and  the  coefficient  of  digestibility 
of  the  dry  matter*  Wldstoe  (1897)  recognised  that  there  wao  a 
decrease  In  percentage  of  crude  protein  and  an  Increase  In  crude 
fiber  as  the  alfalfa  plant  matures*  In  the  spring  when  elfalfs 
was  6*5  inches  tall,  the  crude  protein  and  crude  fiber  were 
28*0  percent  and  12*3  percent  on  the  dry  basis,  respectively* 
These  vslues  changed  to  10*7  percent  and  li?*3  peroent,  respect- 
ively, when  the  crop  was  harvested  st  the  late  bloom  stage  of 
maturity* 

foster  and  Merrill  (I899)  studied  alfalfa  at  three  different 
stages  of  maturity*  These  workers  found  that  when  the  alfalfa 


plant  waa  cut  early,  at  the  '  irst  appearance  of  a  few  aoattered 
blooms.  It  could  be  rated  at  100  for  livestock  feeding*  The 
medium  aaturlty  or  full  bloom  stage  waa  than  rated  at  85  and, 
on  the  basla  of  these  two  ratlnga,  a  third  rating  of  75  waa 
assigned  to  late  cut  alfalfa  harvested  whan  one-half  of  the 
blossoms  had  fallen* 

Compoaition 

Ona  of  the  erects  of  harvesting  alfalfa  at  different 
stages  of  maturity  la  difference  In  chemical  compoaition, 
according  to  Huffman  (1939)»  Cottrell  (1902)  reported  crude 
protein  pereentegos  of  18*5*  17*2  and  Dull  for  alfalfa  harvested 
at  one-tenth  bio  m,  one-half  bloom  and  full  bloom  stages  of 
maturity,  respectively*  Fxtenalve  experimentation  by  Salmon 
et  R  .  (1925)  at  the  Kansas  station  over  a  period  of  six  years 
Indicated  that  atand,  yield,  chemical  compoaition  and  feeding 
value  of  alfalfa  hay  were  mat' rially  affected  by  varying  tha 
time  of  cutting*  The  four  stsges  of  growth  studied  were  bud, 
one- tenth  bloom,  full  bloom  and  the  aced  ataga.  These  workers 
concluded  that  at  least  tha  '  irst  crop  of  slfslfs  should  be  cut 
st  or  near  the  one-tenth  bio -m  ataga  of  maturity*  They  con- 
cluded that  aucceaeive  cuttlnga  ahould  be  harveated  at  the  one- 
fourth  to  the  one-half  bloom  stage* 

The  relatlonahip  of  maturity  to  the  nutritive  value  of  tha 
flrat,  aecond  and  third  cuttings  of  irrigated  alfalfa  hay  was 


studied  by     otola   (1927).     No  marked  difference  was  found 
between  the  one-fourth  end  one-he If  bloom  stages.     The  three  - 
fourth!  bloom  elfalfe  plant  contained  appreciably  leas  erude 
protein  than  did  either  the  one-fourth  or  the  one-half  bloom 
forage.     A  low  of  29 .53  percent  crude  fiber  wee  found  for  the 
first  crop  harveated  at  the  one-fourth  bloom  a tags  oa  compared 
to  1*0.23  percent  crude  fiber  for  the  tMrd  cutting  harvested 
at  three-fourtha  bloom.     Sotols  (1927)  observed  one  inatanee 
In  1923  when  the  third  cutting  contained  only  8,86  percent 
erude  protein.     This  low  level  of  erude  protein  was  attributed 
to  growth  occurring  lete  in  the  seaaon  during  cool  weather. 

Klesselbscb  end  Anderaon  (1926)  listed  the  crude  protein 
end  crude  fiber  contents  for  the  following  six  etsges  of  matur- 
ity:    pre-bloom,   21.98  and  25>.l?  percpntf   Initial  bloom,   20.03 
and  25.75  percent|  one-tenth  bloom,   19.21*  and  27.09  percuntf 
one-half  bloom,  18.81*  and  28.1?  percent!  full  bloom,  18.13  and 
30.32  p*-rcent|   sud  seed  etago,   ll*.06  and  ?6.6l  psrcent,   respect- 
ively.    !he  crude  protein  percentege  decreased  from  21.98  for 
the  pre-bloom  to  ll*.06  for  the  seed  ataga  of  maturity  while  the 
crude  fiber  percentage  increased  over  the  same  range  of  maturity 
from  25*13  to  36.61.     Green  (193i»)t  In  atudying  both  <*lrst  and 
second  cutting  slfalfas,  obtained  results  slmilsr  to  those   cited 
by  Kiesselbech  and  Anderson.     The  second  cutting  alfalfa  con- 
tained 19*81;  percent   crude  protein  and  28.1*9  percent  crude   "lber 
while  the  alfalfa  cut  at  full  bloom  contained  13.19  percent  crude 


protein  and  3lt*01  percent  crude  fiber.     Hie  crude  protein  of 
the  first-cut  tint?  elf  elf  a  varied  fro®  22*Ij3  percent  for  the  bud 
stage  down  to  16.87  percent  for  hay  harvested  at  full  blooai. 

Crude  protein  contents  thst  tend  to  confirm  the  findings 
of  Kiesaelbsch  find  Anderson,  and  Green     were  reported  by 
Pollock  end     osterraan   (1939) •     The  crude  protein  for  alfalfa 
cut  at  bud  stage  was  19*78  percent  while  that  for  the  full 
blooai  hay  was  17*63  percent*     Huffman  (1939)  concluded  that 
moat  Investigations  indicste  that  the  grostest  yield  of  dry 
matter  and  crude  protein  ia  obtained  when  alfalfa  la  cut  In  the 
one-tenth  to  one-half  bloom  atsge  of  maturity* 

Loosll  ejfc,  si.   (195°)  compared  alfalfa  cut  at  the  first 
appearance  of  blossoms  with  alfalfa  harvested  whan  soma  seed 
pods  hsd  formed*     The  crude  protein  for  the  early  cut  hay  waa 
17*6  percent  while  that  for  the  late  out  hay  waa  lh.o  percent* 
Loosli  ejfe,  f2.*  found  only  slight  differences  in  the  crude  fiber 
content  of  the  baya*     both  of  these  hays  graded  U.S.  Ho*   1* 

Dawson  jgj  aj,.   (19lf0)  cited  work  in       ich  elf  a  If  s  hsy  har- 
vested  st  initial  bloom*  half-bloom  and  full  bloom  contained 
18.22  percent,   17*7  percent  and  16.1  percent  crude  protein,   re- 
spectively.    Plummer  (19S3)  analyeed  15  greases  and  legumea 
and  found  that  the  protein  content  of  both  waa  higheet  at  early 
stagea  of  maturity  and  decreased  aa   the  plant  matured*     The 
crude  fiber,   loweat  in  young  early  cut  planta,   increaaed  at  a 
fairly  uniform  rate  as  the  plant  matured* 
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Yield 

Cottrell  (1902)  reported  that  tfre  yield  of  alfolfe  deoreesed 
with  advancing  Maturity  when  the  hay  waa  harvested  at  initial 
bloom,  full  bloom  and  at  the  atage  when  one-half  of  the  bloeaoira 
had  fallen*     Yielda  of  5*35*  !*«90  and  lw5>£  tons  per  acre  were 
obtained  for  the  early,  medium,  and  late  oropa,   respectively. 
As  was  pointed  out  earlier,  Cottrell  obaerved  a  aubsequent  de- 
crease in  crude  protein  with  advanced  atagea  of  maturity. 
Delayed  harveat  reaulted  in  lea a  hay  of  a  lower  protein  content. 

In  contrast  to  the  reaulta  obtained  by  Cottrell  (1902), 
lncreaaod  yields  were  reported  by  Ten  Pyck  (1908)   «nd  Bean  (192?) 
when  the  hay  crop  waa  allowed  to  mature  to  near  the  full  bloom 
atage.     Russell  and  Morrison  (1923)  concluded  that  alfalfa  should 
be  cut  aa  near  the  full  bloom  atage  as  possible  without  getting 
the  hay  to  coarae.     They  obtained  average  yields  of  ?•£,  3*2 
f»nd  i.-.O  tons  per  sere  for  bud  a  tegs,  one-tenth  bloom  and  full 
bloom  crops,   respectively. 

Salmon  al  ll«(1925)  found  vsristions  in  the  yields  of  al- 
falfa when  harvested  at  different  stages  of  maturity  in  Kansas. 
T e    sversge  seasonal  yields  of  alfalfa  hsrveated  at   the  Vud, 
one-tenth  bloom,   full  bloom  and  the  seed  atagea  was  ?.?U,   lefclf 
3.51  and  2.93  tons  per  acre,   respectively.     Sotola   (19^  )   reported 
yields  of  $.83,  6.71  and  6.36  tons  per  acre  for  alfalfa  hsrveated 
st  25,  50  and  75  percent  bloom,  respectively.     The  crude  protein 
yield  per  sere  was  1,000  pounds  for  the  2$  pereent  bloom,   1,106 
pounds  for  the  50  prrcent  bloom  and  867  pounda  for  fche  7$  percent 


bloom  stage  of  maturity.      Hal  crude  fiber  yield  per  acre  was 
1»7?6  pounds  for  the  early  cut  hey,   2,~67  pounds  for   the  medium 
maturity  and  i»l£$  pound*   Tor  ate  out  alfalfa. 

4v»en  (1934)  reported  an  Increase  in  the  yield  of  crude 
protein  up  to  the  one-tenth  bloom  stage  followed  by  s  subse- 
quent decrease  et  acre  *&r*nc«$  meturity.     The   elfalfa  harvested 
st  *;he  bud  stag©  contained  fll?  pottnds  of  crude  protein  per 
sere;   th«  one-tenth  blorm,  1,228  pounds;   the  on«-half  bloom, 
1,191  pounds;  and  the  full  blooa  stage,   1,18?  pounds,     Dawson 
at  al.   U9I4O)   reported  results   In  which  alfalfa  harvested  st 
initial  bloom,   or.*-balf  blo^m  and  full  bloom  yielded  8,938, 
8,888  end  6, 9^0  pounds  of   dry  aiatter  per  ecre  for  the  respective 
cuttings,     Total  digestible  nutrient  production  per  acre  for 
thfc   initial,  one-half  and  full  bloom  stages  of  maturity  averaged 
4,660,  4,1+13  *n<*  3,269  pounds,   respectively,  over  a  three-year 
period* 

•foodaan  §&  a^.    (1934)  harveeted  alfalfa  at  prebud,  bud  stage 
and  flowor  stage*     The  hay  harvested  it  bud  stag*  snd  pr*-bud 
stage  yielded  81; #4  percent  and  £2.5  pr.rcnit,  respectively,  es 
much  dry  aiatter  per  acre  as  did  the  flower  stage  of  maturity. 

Leaf -Stew  Bstio 

n*  of  the  most  striking  changes   In  the  alfalfa  plant  with 
advancing  maturity  is  the  change  in  th<*  leaf -stem  ratio.     Foster 
and  Merrill   (1899)   reported  the  ratio  of  leaves  to  stems  for 


early,  »©<1'.u»  and  late  cub  of  1(2  to  $9,  I4O  to  60  Mi  |J 

to  67,   respeetl  >ely.     The  percentages  of  leaves,   according   to 
Foll^c:*    ind  Hostarxian  (l'M9),   for  '.-bo   clif  :>~<>rit  atagas  of 
weturlty  were  I     bud  state,  •   one-tenth  blo-m,  f?l«l|   fttll 

^.3  and  seed  ata -  l«6 

Wacdwsrd  j£  al..   (19?9  *•  960)  cited  data   (Table  1) 

4  on  alfalfa  varieties  Howe  Hill  and  I  111  Inch**  show- 
Mf  *"be  charges  In  the  analyst*  of  leavea  end  sterna  with  ad- 
vancing BBturlty. 

Table  1,     imteln  and  fiber  content   (dry  »ett<r  basis) . 


■BmrTnmaaai 


.  Howe     Hill J U2iinafea4SL. 

1  Leay  *         ^tep.  «  hear  t  3  tec 

s  Crude      *Crud«:  Crude     :  C  rude  s  Crude TCru  del  Crude     JTCrude 

tproteinifibertproteintfibertprotelntflbertprotelnt fiber 

j 1  ,  «.  ?...? «,.  JL » 2! l       » 1_jl 


Prebud  |0«1|  12.99  16.67  -*0.77  )t*fl  12.17  19.J+6  ^0.9!* 

MM  27.^5  1?*33  12.1.8  ^2.1*6  28.38  Del*  13.57  1*2.88 

Farly 

flower  23^8  13.39  9.U-  kh.3&  2^.5?  1^.9li  U.OJ  U6,h8 


It  can  be  eeen  froe  tJbeae  data  that,   l&  every  ease  studied,   the 
leavea  contained  appreciably  greater  pereentagea  of  orwde  protein 
than  did  the   »t«*rs.     Conversely,   it  may  be  se«n  that  the  percent 
Of  crude  fiber  found  in  the  sterna  is  at  least  twice  as  great  aa 
that  in  the  leaves.     Bohatedt   (I9IU    indicated  thst  normally  the 
leavea  wake  up  50  percent  of  the  weight  of   the  slf«5fa  plant  and 


contain  70  percent  or  the  crude  protein,  90  Percent  of  the  caro- 
tene a-id  are  1*0  percent  more  digestible  tin  the  stems*  Tretaven 
(IOU'4)  atated  that  the  leaves  contain  approximately  three  tinea 
as  much  protein  as  the  stems  of  the  alfalfa  plant  and  are  richer 
in  soluble  carbohydrates  (largely  starches  and  sugars),  fata 
and  rainersls*  According  to  Tretaven,  four-fif tha  of  the  vitamin 
A  activity  may  be  found  in  the  leaves  of  the  alfalfa  plant*  He 
concluded  that  *hen  alfalfa  hay  ia  cut  in  early  bloom  1$   to  fy5 
percent  of  the  plant  will  be  leavea  »■  compared  with  10  to  >0 
percent  ehen  it  is  cut  in  late  blroa, 

Keyea  and  Smith  (195£),  discussing  the  various  losses  in- 
curred in  hay  making,  aaid  that  dry  matter  losses  due  to  leaf 
shattering  vary  from  **  to  35>  percent,  with  losses  ranging  from 
15  to  PO  percent  under  favorable  conditions* 

Kieaselbach  and  Anderson  (19*1)  found  a  correlation  co- 
efficient of  0*86  between  relative  leafineas  and  the  protein 
content  of  hay, 

Digeatlbility 

MeCullough  (1953)  ststed  that  forage  dry  matter  digeat- 
lbility may  be  the  moat  Important  single  measure  of  forage 
quality  ao  long  aa  a  limiting  factor  auch  as  dry  matter  intake 
does  not  exist*  Work  reviewed  by  Huffman  (1939).  listed  in 
Table  2,  ahowa  the  deersaeing  coeficlente  of  digeatibility  of 
protein  and  crude  fiber  that  occur  with  the  advancing  maturity. 
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Table  t.  Content,  digeetibillty  and  pereent  digestibility 

of  crude  protoln  end  crude  fiber  of  clfalf?  hay. 


:                            ,of » 

1                tdigest-t 
Stage          :iont<?atllbllitvl 
maturity  |               1 

i 

i 
Dig.        1 
pro  taint Content 
.*       t 

>af.  f  i  Oig. 
t digest-   i  crude 
illblllty  :  fiber 

i       %         t 

Pre -bud         25.3 

81* 

21.3 

22.1 

63.7 

liul 

..aid           20, k 

1* 

15.5 

23.9 

^6.3 

ll.i 

In  flots or     1Y.2 

* 

13.0 

29.7 

1+2.6 

12.6 

Average 

alfalfa          ll;.2 

71* 

1M 

29.5 

50.8 

14.9 

Dawson  J&  £&>•  (V&O)  reported  coef ficiente  of  dry  mattar 
digestibility  for  Initial  bloom,  one-half  bloom,  and  full  bloom 
of  6"1,!*,  61.2  and  57.5  percent,  respectively.   'here  was  not  a 
aignif leant  difference  between  the  digestible  orude  protein  of 
the  early  and  medium  cut  hays,  Put  the  late  3ut  alfalfa  was  ?,3 
percent  leaa  dlgeatlble  than  that  of  he  Initial  bloom.  The 
digestibility  of  the  crude  "iber  was  1*7*7*  kl»k   end  39.3  percent 
for  initial  bio -a,  one-half  bloom  end  full  blon»,  respectively. 

Craapton  and  Jackson  ( 191+U )  found  that  the  digestibility 
oi  mixed  pasture  nerbage  measured  by  at' «rs  and  sheep  sppeared 
to  follow  the  leaf/atem  rstio  of  fchr  herbage  quite  closely.  A 
steady  decline  in  the  digestibility  of  pasture  herbage  dry  mat 
from  values  if  sprroxlaiately  75  percent  for  early  spring  graaa 
to  6©  percent,  six  weeks  later,  was  noted.  Synge  (195?)  atated 
that  the  soluble  cerbohydra     ;t«>nt  fluctuated  srreatly  witto  the 
aeason.  He  concluded  that  these  ehsnges  in  soluble  ear-  ohydrste 
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content  may  bo  responsible  for  aome  of  tho  dif  erences  tbet 
are  said  to  exlat  between  the  value  of  spring  snd  autuan 
grasses. 

Held  (1955)  studied  the  totsl  digestible  nutrient  content 
of  wore  then  70  forsge  samples  cut  between  »ay  18  and  July  8. 
The  cows  obtslned  acre  energy  per  pound  of  dry  matter  from 
early-cut  forage  then  from  late-cut  forage,  Held  found  thet 
the  totsl  digestible  nutrient  content  of  ^orege  could  be  cal- 
culated If  the  outtlng  date  was  known,  Stallcup  (1956)  uaed 
flstulsted  steers  to  study  the  Influence  o<*  llgnlflcatlon  of 
forage  on  digestibility.  The  data  obtained  by  Stallcup  lnd^oated 
that  the  llapiin  content  of  hays  Is  Important  because  It  In- 
fluences the  digestibility  of  the  ora^e  end  because  ll^nln 
retards  passsge  of  the  nutrients.  He  reasoned  that  mor*  Ingeate 
remained  In  the  rumen  twelve  hours  sfter  feeding  with  the  high 
llgnln  hay  than  of  the  low  ll^nln  hay,  thus  reducing  the  physical 
capacity  of  the  animal  for  eating  roughage  et  the  next  deeding. 

According  to  Huffman  (W9) »  the  digeatibllity  of  'lber 
appears  to  be  inversely  proportionel  to  Its  content  of  ligno- 
cellulose.  fcoCullough  (195"?)  reported  that  li<?nln  occurs  in 
planta  chiefly  as  llgnocellulose.  He  cited  work  by  Cranpton 
which  showed  the  effect  of  llgnln  on  the  digestibility  of  dry 
matter.  As  the  proportion  of  llgnin  inereesed  the  coefficients 
of  digestibility  of  the  dry  matter  decreased. 

Woodman  ej£  ja^.  (193^)  stated  that  "In  the  young  plant, 
cell  walla  are  extremely  thin  and  tender  and  are  composed 
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almost  entirely  of  pure  cellulose*  The  latter  It  digested  In 
the  ruminant  tract  to  almost  the  tame  extent  aa  la  the  carbo- 
hydrate fraction,"  The  dlgeatlon  coefficient a  of  the  crude 
fiber  and  carbohydratea  were  Bl\   and  87  peroent,  raapectively, 
In  early  growth  paature  herbage.  According  to  v oodman  and 
assoclstes.  sa  the  plant  matures  the  c*^ll  walla  become  thickened 
•nd  toughened  due  to  their  becoming  aur rounded  by,  and  Intim- 
ately admixed  with,  the  much  more  earbonaceoua  eat  woody  form 
of  fiber  known  aa  llgnocelluloea.  The  letter  la  "entirely" 
Indlgeatlble,  They  contended  that  the  process  of  llgnlflc- 
stlon  Is  accompanied  by  a  gradual  diminution  of  the  digest- 
ibility of  the  crude  fiber  of  the  plant,  ''hereaa  the  crude 
fiber  In  grnss  at  early  atagea  of  maturity  waa  found  to  be  Qh 
percent  digestible,  that  contained  at  the  hay  atage  of  maturity 
was  digaatad  to  the  extent  of  only  5?  percent,  sib   shown  in 
Table  3,  Becauee  protein*  fata  and  carbohydratea  contained  in 
the  cell  walla  may  not  become  accessible  to  the  digestive 
ferments  of  the  alimentary  tract,  oodman  concluded  that  the 
digestibility  of  fiber  la  inversely  proportional  to  ita  content 
of  lignocelluloee. 
Table  3,  Digestion  coefficients  of  graaa  and  hay  ('oodman  e„t  a^. 

Young  leafy  atage  s  Grass  at  hay  atage  of 
£ ! maturity  ? 

Fiber  81*.  2  57. U 

Carbohydrate  87.1*  53  .0 

Protein  85.1*  50.0 

Oil  60.0  30.0 
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Falatebillty  end  Consumption 

Ihe  rata  of  consumption  of  any  roughage  la  one  o^  tha 
faetora  Influencing  lta  value  for  feeding.  The  food  capacity 
or  appetite  of  an  animal  la  measured  by  the  total  amount  of 
dry  matter  actually  consumed  when  the  animal  la  of tared  ea 
much  aa  It  carea  to  eat*  a<  ordlng  to  Vurry  (1926),  Hurfman 
(1939)  distinguished  between  palstsbllity  snd  appetite  by 
aaylng  that  palatablllty  la  but  one  fector  responsible  for  a 
large  food  Intake •  According  to  Huffman,  a  hay  considered 
highly  pelstsble  may  not  be  appetising.  Th#»  reverse  msy  be 
true  whan  a  hay  or  forage  conaidered  leas  palatable  la  con- 
sumed in  lsrge  qusntltles  when  the  snimsl  la  forced  to  eat  tha 
forsge.  Huffmen  cited  sn  Instance  In  which  e  allege  mixture 
of  ?0  parte  of  sweet  clover  and  one  pert  of  rorn  was  not  re- 
lished by  cowa  although,  *hen  forced  to  eet  It,  one  cow  consumed 
up  to  9U  pounds  of  tha  UO  percent  dry  matter  allege  per  day. 

Da vies  (19?5)  cited  three  fectors  thst  influence  palatablllty: 
(1)  stsge  of  growth,  (2)  the  reletlon  of  leef  to  stem  and  P) 
harshness  to  touch.  Device  found  that  sheep  were  decidedly  dis- 
criminatory in  grazing,  selecting  tha  young  and  succulent  leavea 
of  clover  plants.  *ork  st  the  Arisona  atatlon  (193b)  Indicated 
that  alfalfa  harvested  st  bud  stsge  wss  consumed  in  larger 
amounts  thsn  that  harvested  at  the  one-third  bloom  stsge  of 
maturity. 

Devaon  ejj,  al.  (19M>)  reported  ev*»rege  daily  eonaumptlon 


rates  of  1)0.6,  1)1*0  and  1)0,9  pounds  for  alfalfa  harvested  at 
initial  bl  on,  one-hslf  bloom  and  full  bloom,  respectively. 
Trimberger  at  s^.  (195S),  found  that  the  average  dally  dry 
■attar  intake  wss  greater  with  the  early  harvested  hay  and 
silage  than  with  more  nature  forage.  Alfalfa  hay  harvested 
at  pre-bloom,  one-tenth  bloom  and  full  blooa  was  consumed  at 
rates  of  11.8,  9.9  and  8.0  pounds  dally  per  1,000  pounds  of 
body  weight  whan  fed  In  conjunction  with  silage,  sccordlng  to 
Blosser  ejj,  e^.  (1957). 

Blaxter  (1950)  reported  that  the  amount  of  feed  consumed, 
ss  measured  in  terms  of  dry  matter  intake,  increased  with  in- 
ereaaing  concentration  of  the  ration.   Blaxter  pointed  out 
that  a  cow  doea  not  regulate  Its  appetite  according  to  its 
energy  requirements.  Hoflund  snd  Clsrk  (19W  observed  that 
the  ajretlte  for  alfalfa  hay  was  directly  sffected  by  the  rata 
of  celluloee  digestion.  Theae  workers  reasoned  that  this  r«- 
tsrdsti-n  of  cellulose  digestion  necessitated  a  longer  sojourn 
of  the  food  In  the  rumen  which  in  turn  decreased  eppetlte. 

Stall cup  (1956)  found  that  csttle  will  not  eat  so  much  of 
a  mature  high-llgnin  hay  or  pasture,  sa  they  will  if  the  herb- 
age is  young.  This  is  often  sttrlbuted  to  the  animal *s  dislike 
for  feed.  Stalloup  suggested  that  young  hay  may  require  ?k 
hours  for  passage  through  the  digestive  tract  while  the  mature 
hey  mey  require  ?6  hours,  which  would  readily  explain  the  re- 
duced consumption. 
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Milk  Production 

Early  feeding  experiments  of  alfalfa  hey  harvested  at 
different  stsgee  of  maturity  did  not  utilise  dairy  cattle  to 
measure  ef  iciency.  Much  of  the  early  work  meaaured  the  feed- 
ing value  by  comparing  weight  gains  in  beef  cattle,  Cottrell 
(1902)  reported  weight  gains  with  beef  cettle  of  706,  562  and 
490  pounds  per  sere  for  respective  harvests  at  initial  bloorr, 
full  bloom  snd  at  the  time  one-half  of  the  blossoms  had  fallen, 
Salmon  et  a^.  (1925)  found  that  the  average  amount  of  bud  stsge 
alfalfa  hsy  required  to  produce  100  pounds  of  gain  on  beef 
animals  was  1,6?8  pounds,  one-tenth  bloom,  2,086  pounds!  full 
bloom,  2,l6?  pounds $  and  seed  stage,  3»9l8  pounda. 

According  to  Hoglund  (lf£$)f  studies  at  Mchigan  Stste 
Univeraity  show  thst  the  cost  of  feed  for  producing  100  pounds 
of  milk  could  be  reduced  aa  much  as  25  percent  on  the  average 
Miehlgan  dairy  farm.  Thia  aavlng  could  be  accomplished  by 
improving  the  qusllty  of  the  roughage  and  feeding  more  of  thia 
quality  roughage  and  leas  concentrates,  Dswson  ej£  aj..  (19^0) 
showed  thst  for  eseh  pound  of  milk  produced  I«|s)  pounds  of 
initial  blo^m  alfslfs,  1.57  pounds  of  one-half  bloom  alfalfa, 
or  1.69  pounda  of  full  bloosi  alfalfa  ware  required.  For  each 
pound  of  butterfst  produced  36.8  pounda  of  initial  bloom,  Uii.5 
pounda  of  one-half  bloom  and  k5*k   pounda  of  full  bloom  hay 
were  required.  Pour  percent  fat  corrected  milk  production  per 
acre  from  initial  bloom  alfalfa  waa  6,330  pounosj  from  one-hnlf 
bloom,  5,251*  pounds;  end  from  full  bloom,  3,97U  pounds. 
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call  £t  aj,.  (1950)  atudied  the  value  of  '  arveatlng 
alfalfa  hay  at  the  appearance  of  the  flrat  bloasoata  and  past 
full  bloom.  The  daily  production  of  fat  corrected  milk  for 
eowa  fed  the  early  cut  hay  was  *4»I  pounda  while  that  for  the 
late  cut  hay  waa  3°. 2  pounda.  A  grain  fixture  waa  fed  at  the 
rate  of  one  pound  for  each  five  pounda  of  h   percent  fat 
corrected  milk. 

Huffman  et  a^.  (1952)  obtained  reaulta  that  Indicated  in- 
creased milk  production  when  part  of  the  total  dlgeatlble 
nutrienta  furnished  by  e  mature  hay  waa  replaced  on  the  beala 
of  total  dlgeatlble  nutrient  content  by  immature  hay.  Reaulta 
of  a  similar  nature  were  observed  when  corn  replaced  on  the 
baala  of  total  digestible  nutrient  content  a  part  of  the  nature 
hay  being  fed.  No  marked  Increase  in  the  milk  production  waa 
observed  when  corn  replaced  a  part  of  the  immature  hay  on  an 
equal  total  dlgeatlble  nutrient  basis. 

Logan  (195*4 )  enailed  alfalfa  cut  at  bud  stage  and  full 
bloom.  Hla  reaulta  indicated  that  significantly  greeter  milk 
production  waa  realised  from  the  early  cut  hay.  These  differ- 
ences ere  not  spprecia.'ly  influenced  by  varying  the  protein 
content  of  the  concentrate  from  8,5  percent  to  11.2  percent 
crude  protein.  The  differences  in  production  were  directly 
associated  with  the  total  dlgeatlble  nutrient  content  of  the 
ration.  Trlmberger  e£  aj.  (1955)  obtained  greater  milk  production 
from  early-cut  clover  timothy  orage,  whether  eun-cured,  barn 
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dried  or  ensiled,    then  they  did  from  the  bay  and  allege 
harvested  at  a  mora  nature  stage. 

Huffman  £t  e^.   (1956)  atudled  the  graln-eqnivalent  value 
of  pre-bud  alfalfa  hay  ea  compared  to  hay  harveated  at   VI4. 
bloom.     It  la  pointed  out  that  the  early  cut  hay  graded  O.S. 
Mo*  1  extra  green  and  extra  leafy  while  the  later  cut  hay  waa 
rained  on  In  the   field  and  greded  tJ.S.   No.   ?  on  leaf  and  color. 
Grain  feeding  waa  Increased  alx  pounds  per  cow  when  the  feed 
waa  changed  from  the   Immature  hay  to   the  mature  hay  and*  con- 
versely,  It  waa  decreased  six  pounds  whan  the  change  was   from 
the  mature  to   the  Immature  forage.     The  average  dally  amount 
of  k  percent  fat  corrected  milk  produced  on  the  pre-bud  and 
three-quarter  bloom  alfalfa  waa  3li.2  and  39.0  pounda,  respect- 
ively. 

Work  with  Irrigated  hay  In  ^aahlngton  by  Bloaaer  e£  a^. 
(1Q57)   Involved  alfalfa  harveated  at  the  pre-bud.  one-tenth 
bloom  and  full  bloom  atagaa  of  maturity.     The  dally  four  percent 
fat  corrected  production  waa  35 • 3  pounds  for  tha  early  cut  hay, 
35. £  pounda   for  the  medium  cut  hay  and  3?. 8  pounda  for  the  hay 
cut  at  full  bloom.     Blosser  and  aeeoelatea  fed  allege  at  the 
rate  of  three  pounda  per  100  pounda  of  tody  weight  and  a  grain 
mixture  at  the  rate  of  one  pound  for  each  three  pounda  of  four 
percent  fat  corrected  milk. 
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FXPFRIMFNTAL  PR0C1DUR* 

Two  eueceasive  cuttings  of  alfalfa  hay,  each  harvested 
at  three  different  etagee  of  maturity  were  obtained  during 
1956  from  atanda  on  the  Kanaaa  State  College  f»w.     The    "iret 
cutting  was  harvested  at  bud-stage,   one-half  bloom  and  full 
bloom.     The  second  crop  was  harvested  at    bud-atage,   one-fourth 
bloom  and  full  bloom.     The  data  pertinent  to  the  sepsrate 
batchea  of  hay  are  presented  In  Table  h. 

Table  !}•     ^ield  number,  datea  for  cutting,  and  bailing  and 
rainfall  for  respective  batchea  of  hay. 


Cutting 

t         t 

;|   Stage  1 

a 

Fleldt  Cutting  date 

:           :Fainfall 
1  Balling  dates  In. 

First 

Bud 

k 

5/17/56 

5/19/56 

None 

First 

Bud 

k 

5A8/56 

5/21/56 

None 

First 

&  bloom 

16 

5/26/56 

5/29/56 

.Olt 

First 

Full  bloom 

12 

6/  7/56 

6/  9/56 

.59 

First 

Full  bloom 

1? 

6/  9/56 

Ho  record 

None 

Second 

Bud 

16 

6/17/56 

6/17/56 

None 

Second 

i  bloom 

12 

6/25/56 

6/26,  27/56 

.03 

Second 

Full  bloom 

k 

6/29,  30/56 

6/29.  30/56 

'one 

The  alfalfa  was  field  baled  and  stored  In  tine  dairy  barn. 
Reliable  yield  data  were  not  obtainable  because  of  the  extreme 
variability  within  fields  due  to  drought  condttiona  prevailing 
during  the  1956  growing  sesson. 

Two  samples  from  each  of  the  haya  ware  obtelned  for  chemical 
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analysis.   The  samples  vera  analysed  for  Kjeldabl  nitrogen, 
ether  extract,  crude  fiber,  ash  and  moisture  by  the  Department 
of  Chemlatry,  Xansss  State  College* 

ihe  experiment  was  divided  into  two  parte.   Part  one  was 
aet  up  to  compare  the  relative  peletabillty  of  the  six  batches 
of  alfialfa  hay.  Part  two  was  a  comparison  of  the  several 
haya  with  regard  to  their  ef facta  on  appetite  (ea  measured 
by  hay  conaumption),  body  velght  gelns  and  milk  production* 

Part  one  waa  designed  to  measure  the  palatabllity  of  each 
hay  in  relation  to  every  other  hay  in  the  experiment*  Two  dry 
Jeraey  cows  were  used  in  this  phase.  At  th'  beginning  of  the 
experiment  MS  37QB  was  186  days  pregnant  and  392B  was  13k 
days  pregnant*  "They  were  aeleeted  from  the  college  dairy  herd 
on  the  basis  of  their  similarity  in  breed,  atage  of  geststl  n 
and  body  weight*  Information  concerning  the  two  cows  is  given 
In  Tsble  8* 

The  cows  were  pieced  in  sepsrste  box  atalla  and  bedded 
with  shsvlngs*  A  three  com?  artment  menger  was  pieced  in  each 
box  atall  to  allow  each  cow  access  to  ell  of  three  heys  thst 
were  pieced  in  esch  menger*  The  cows  *ere  fed  good  duality 
alfalfa  hay  for  a  13-day  preliminary  period*  Two  feedinge  dally 
of  from  12  to  II4  pounde  eech  of  the  six  hays  alio  ed  each  cow 
op]  ortunlty  for  her  fill  on  any  one  of  the  three  hays  placed 
in  her  menger  et  each  feeding.  The  hey  assignment  to  the  mengere 
is  presented  in  Table  9* 
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Tiro  feedlnge  and  the  weighbacka  of  re  uasli  rere  recorded 
daily  for  eech  of  the  elx  experimental  haya.  Salt  and  watfr 
were  provided  a<|  llbltus.  Ho  concentrate  waa  fed  to  theae  cowa 
during  the  experiment. 

The  aix  experimental  haya  were  aaalgned  to  reeding  aequencea. 
Theae  aequencea  were  randomly  aaalgned  to  eonpertnenta  in  the 
mang era  and  the  cowa  were  randomly  asr  igned  to  three -compartment 
mangera.  The  reaultlng  feeding  achedulea  were  randomly  aaalgned 
to  the  eighteen  deya  of  the  experiment. 

Part  two  waa  designed  to  measure  the  effeota  of  stage  of 
maturity  In  alfalfa  on  milk  production,  hay  conaumptlon  and 
body  weight  change.  Only  five  of  the  haya  were  uaed  beeauae 
there  waa  an  Inefficient  amount  of  first-cutting  bud-stage  hay 
to  complete  the  trial* 

The  Incomplete  block  awltch-back  design,  as  outlined  by 
Luc aa  (1956),  waa  uaed.  The  design  waa  aa  follows  with  the 
numbers  rap resenting  treatment a;  the  oolumns,  cows;  snd  the 
rows*  experiments 1  prriodst 

Block  I  Blook  II 

123U5  1  2  3lj  5 

231*51  U512 

1  ?  3  U  5  12U5 

The  five  heys  were  aaalgned  at  random  to  the  treatments*  Faeh 
block  waa  replleated  once  to  give  sequence  one  and  two  for  each 
of  blocka  I  and  II.  Five  cowa  ware  uaed  in  each  block.  The 


assignment  of  cows  to  treatments  within  the  blocks  was  random, 
informatl  n  on  the  cows  used  In  the  switchback  trlsl  along  with 
the  block  assignment  is  driven  in  Table  8. 

The  cows  for  eeeh  of  the  blocks  were  selected  rrow  the 
same  breed*  Cows  near  the  ssme  age  and  at  similar  a ; awes  in 
their  lsctetlon  were  chosen  for  each  of  the  blocks*  It  wss 
necessary  to  aaalgn  Jereey  cow  number  35  b1  to  two  blocks  be- 
cause of  the  shortage  of  individuals  of  the  same  breed*  The 
rest  of  the  animals  were  used  for  only  one  treatment  sequence. 

Each  treatment  sequence  required  63  days  —  21  days  for 
each  treatment,  of  whieh  the  first  lij.  days  were  preliminary 
and  the  last  seven  days  constituted  the  da  a  collection  period* 
The  cows  in  s  single  bloek  were  a tar ted  on  experiment  at  the 
same  time* 

The  concentrate  mixture  was  fed  according  to  milk  pro- 
duction* The  ingredients  of  the  concentrate  mixture  were  as 
follows!  1*00  pounds  ground  corn.  100  pounds  ground  oats.  100 
pounds  soybean  oil  meal,  seven  pounds  salt  and  aeven  pounds 
of  eteamed-bone  meal.  The  rate  of  feeding  for  the  experimental 
pc-tod  was  based  on  the  amount  of  h   percent  fat  corrected  milk 
produoed  during  the  first  seven  days  of  the  first  preliminary 
period  for  each  block.  The  cows  w*re  fed  at  the  rste  of  0.1* 
pound  concentrate  for  esoh  pound  of  k   jereent  fet  corrected  milk 
above  16  pounds  for  Holstelns,  Uj  pounds  for  Ayrshlres  snd  10 
pounds  for  Jerseys* 

One-helf  of  the  grain  and  hay  allotment  wes  fed  in  the 
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morning  feeding  and  the  remainder  was  fed  in  Wie  •ftemoon 
ceding.  The  hay  wae  of farad  in  amounta  aufficiant  to  allow 
from  tan  to  fifteen  percent  refuaal  each  day. 

The  cowa  were  weighed  on  two  aucceaaive  daya  each  week 
and  again  on  the  third  day  if  the  flrat  two  weighte  varied 
more  than  20  pounda.  The  average  of  the  two  cloaeat  welghta 
was  used  for  analyaia. 

The  milk  produced  waa  weighed  at  each  milkingt  and 
aamplea  were  taken  for  butterfat  testa  from  two  aucceaaive 
mllkinga  within  eech  experimental  peri  d. 

RFST7LTS 
Chemical  Analyaea 

The  chemical  analyaea  of  the  haya  are  Hated  in  Tsble  5. 
The  crude  protein  increaaed  alightly  with  advanced  maturity 
for  the  firat  cutting  while  it  decreeaed  with  advancing  matur- 
ity in  the  aecond  crop.  The  crude  fiber  inoreaaed  from  the 
bud  ataga  to  the  one-half-blo->m  for  the  flrat  crop  but  it  de- 
creased from  the  one-half  bloom  to  th*  full  biota  ataga  in  the 
aame  crop.  The  percent  of  crde  fiber  for  the  aecond  crop  in- 
creaaed with  advancing  maturity. 

In  both  the  firat  and  aecond  cuttlnge  the  ether  extract 
content  Increased  with  advancing  maturity.  Aah  in  both  oropa 
decreased  with  advancing  maturity. 
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Table  5«     Chemical  snslysia  of  bsya  and  concentrate  mixture 
use J  on  the  dry  wetter  basis. 


Cut  ting 

i 

t       tea* 

:   rude      I  Crude  I  Ether 
tprnt elnt fiber textrset 
I 

»            tSltrogen- 
:i  Ash  :Tree  ex- 
:            I  tract 

First 

lad 

17.9 

28.7 

1.7 

104 

41.3 

Mr  at 

I  bio  m 

.3 

?9«8 

1.7 

10.3 

39.9 

irat 

Full  bloom 

19.? 

iM 

2,1 

8.9 

434 

Second 

Bud 

?6.1 

?5.6 

1.6 

10.8 

35.1 

Second 

i  bloom 

19.5 

27.6 

lei 

9.8 

41.3 

Second 

Poll  blooa 

174 

29.9 

2.2 

9.2 

U.l 

Concentre te  fixture 

IM 

5.1 

3.6 

4.8 

68.0 

Pelatability 

The  individual  results  of  the  palatability  feeding  trial 
are  presented  in  Table  9  ond  are  summarised  In  Table  6.     Analysis 
of  vai  isnee  (iinedecor,  1<)$6)   0f  these  results   Indicated  that 
although  the  variation  among  batches  of  hay  was  highly  significant, 
neither  the  variation  between  cuttings  nor  among  stages  was 
ststistically  significsnt.     The  variation  between  cows  wss  not 
significant. 

Significantly  greater  aisounta  of   the  first  cutting  hay  har- 
veated  at  the  bud  stsge  were  eaten  than  any  of  the  other  hays 
with  exception  of  the  one-fourth  bloom  hay  *rom  the   second  crop. 
The  second  cutting  harvested  at  full-bloom  wss  eaten  in  sig- 
nificantly less   amounts  tbsn  any  of   the  other  hsys. 


Table  6.  Average  hay  consumption  baaed  on  l?-hour  feeding 
Intervale. 


Crop 

i 
s 
t 

Bud  : 

lb.   i 

Medium 
lb. 

1 

t 

i ^e  of  Maturity 
Full  bloom      j   Ave: 
lb.              t 

rage  for  crop 
lb. 

First 

7.0 

4.4 

4-3 

5.3 

Second 

4.7 

4.8 

1.9 

3.8 

Average 
atage 

for 

5.9 

4.6 

1*1 

4.5 

Switchback  Trial 

Data  relating  to  milk  production,  hay  consumption  and 
body  weight  were  collected  from  the  switchback  trial  and 
analyzed.  The  data  for  individual  cowa  ar*   presented  In  Tebles 
10,  11,  1?  and  13,  and  mesne  for  the  various  treatments  are 
listed  in  Teble  7. 

Teble  7.  The  effect  of  atage  of  maturity  of  alfalfa  on  hay 

consumption,  milk  production  and  body  weight  chsnge. 


1 

x       First 

Stsste  of 
cut             : 

Second 

cut 

I*  bifboraffull  bloom i     taml 

:       bi^om 

I 

full  fclo-m 

t        lb.    : 

lb.          t     lb. 

t          lb. 

t 

lb. 

Rsy  consumption 

per  oow                  25J.5 

28.9         24.5 

27.4 

27.6 

fer  1,000  lb.wt.   ?4.7 

27.4         25.9 

27.5 

27.5 

4*  WJM  pro- 
duction                29.1 

29.8         27.7 

29.3 

28.9 

Body  weight 

chsnge                      0.4 

0.?       -0.4 

1.4 

0.5 

The  hay  c  naumption  per  cow  varied  algnlf  Icantly  among 
hays,      rhe   cows  ate  moat  of  the   Hrat  cutting  alfalfa  harveated 
at  full  bloom.     The  second  cutting  bud  ataga  hay  waa  eaten  In 
emalleat  amounts. 

Hey  consumption  per  1,000  pounds  of  body  weight  waa  not 
significantly  dlf "erent  among  the   rive   treatments.     Neither 
milk  production  nor  body  weight  change  varied  aignlflcantly 
among   treatments. 

DISCU3SI0M 

Chemical  Analyaca 

The  crude  protein  content  of  the   first  cutting  alfalfa 
hay  Increased  with  advance  In  maturity  while  the  crude   fiber 
content  decreased.     Thla  trend  la  not   In  accord  with  the  results 
of  Poater  and  Merrill   (189<^),   Cottrell   (1902),  Salmon  ejfc  aj.. 
(192$),  Sotola   (1927),  and  Kleseelbeeh  and  Anders  n  (19?6), 
who  found  the  reverae  relet lonahlp.     Thla  aeemlng  dlacrepency 
may  have  been  cauaed  by  several  nlghta  with  low  temperatures 
from  April  17  to  ?k$  which  csuaed  severe  damage  to  the  alfalfa 
leaves  but  did  not   kill  the  stems.     At  the  time  of  cutting, 
the  previously  damaged  leavea  were  brown  and  dead.     These 
shattered  off  when  the  alfalfa  was  moved.     The  early-cut  alfalfa 
had  much  leee  additional  growth  at  the  time  of  cutting   than  did 
the  late-cut  alfal  a.     Aa  a  consequence,   the   later-cut  alfalfa 
had  proportionately  more   leavea   than  the  early-out  forage. 
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The  analysis  of  the  second  cutting  hays  conformed  to  the 
pattern  normally  found* 

Palatabllity 

Tha  relative  palatabllity  of  a  forage  crop  is  measured  by 
offering  aeveral  samples  of  the  forage  to  cove  at  the  asme 
time  by  uae  of  the  cafeteria  system.  The  most  palatable  hay 
on  this  bssls  vaa  that  frost  the  first  crop  harvested  st  the 
bud  stsge  of  maturity.  It  was  more  palatable  than  the  full 
bloom  hey  from  the  first  crop  or  any  one  of  the  three  stages 
of  maturity  from  the  second  crop.  These  findings  sre  in  sgree- 
ment  with  results  obtained  by  Willerd  (19??)  and  Foster  and 
Merrill  (1999).   illard  (1933)  reported  that  the  aeoond  cutting 
of  irrigated  alfalfa  was  less  palatable  then  the  flrat  cutting 
at  the  same  stsge  of  maturity.  ~>ome  results  reported  as 
palatabllity  in  the  literature  do  not  con  orm  to  the  definition 
given  abovf*.  but  would  be  wore  accurately  considered  measures 
of  appetite* 

That  the  bud-stage  second-cutting  hsy  waa  not  more  palat- 
able than  the  later  atagee  of  maturity  may  be  attributed  to 
mow  dsmege  of  the  bud  stsge  hsy  after  storage.  Because  of  fore- 
cast inclement  weather  it  was  decided  to  atore  thla  hay  while 
the  molature  content  waa  high.  Thla  resulted  in  conalderable 
mow  damage  as  evidenced  by  loss  of  the  green  color  and  some  mold 
thst  wss  sesttered  through  the  entire  lot  of  hsy* 
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Hay  Consumption 

The  consumption  of  th<*  hsys  varied  significantly 
batches.  The  hay  eaten  in  greatest  smounts  was  the  first  crop 
hsrvested  at  full  bloom.  Findings  by  Readley  (19*42).  Trimberger 
Si  si.  (1955),and  Blossar  ejfc,  aj.  (1957)  showed  decreased  bay 
consumption  with  sdvsnclng  maturity.  Their  results  showed  the 
grestest  consumption  of  the  hsys  harvested  st  the  esrll'st  stsgas 
of  msturity.  The  findings  in  this  experiment  sre  sttrlbuted  to 
the  chsngos  in  chemical  composition  discussed  eerller.  As  wss 
pointed  out  previously,  the  full  bloom  hsy  from  the  first  cuttin 
contained  more  crude  protein  and  less  crude  fiber  than  tl  e  lass 
mature  hay  ^rom  the  first  cutting. 

The  hsy  esten  st  the  lowest  level  wss  thst  hsrvested  st  the 
bud  stsge  of  msturity  from  the  second  crop.  As  wss  discussed 
In  connection  with  pelstsbillty,  this  hsy  wss  stored  while  still 
somewhst  green. 

Hay  Conaumption  p**r  1,000  founds  of  Body  Weight 

The  ins  i  onirics  nee  of  the  differences  in  hay  consumption 
on  the  body  weight  basis  shows  thst  body  weight  wss  s  fsctor  in 
the  amount  of  hay  consumed  by  the  cows.  There  wss  considerable 
spreed  in  body  weight  since  cows  of  the  Holstein,  Ayrshire  and 
Jersey  breeds  were  used.  The  means  reported  in  Table  7  show 
the  same  general  trend  in  regard  to  intake  of  the  different  hays 
on  the  body  weight  basis  ss  wss  true  on  the  per  cow  level  but 
with  smaller  rean  differences. 
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f>llk  ^reduction 

The  average  dally  level  of  four  percent   fat  corrected  milk 
produced  by  the  cowa  receiving  the  five  a •  par ate  haya  differed 
insigni' "leant ly.     The  milk  production  means  on  the  Individual 
treatments  varied  from  ?7»7  pounda  of  four  percent  fat  corrected 
milk  for  the   aecond  crop  of  hay  harveated  at  bud  stage  of  matur- 
ity to  29.8  pounda  of  four  percent  fat   corrected  milk  for  the 
flrat  cutting  full  bloom.     Pour  of  the  meana  were  eloeely 
grouped  with  the  total  separation  being  only  0*9  pounda •  whila 
the  mean  for  the  aecond  cutting  bud  atage  waa  somewhat  email or • 

The  faet  that  thaee  meana  are  not  algniricantly  different 
does  not  agree,   in  general,  with  results  reported  by  Dawaon 
£fcfii«   (19?;0),  Loell  ©£  «!•   (1950),  Logan  (195U#  Huffman  e£  al. 
(1956)   and  Mossnr  fjfe  &!•    Q957)»     Iheae  workera  reported  the 
largeat  milk  production  on  the  younger  haya  whan  compared  to  haya 
of  more  advanced  atagea  of  maturity* 

It  la  possible   that  the   conditlona  of  thla  experiment  were 
not  sut    iciently  critical  to  aeaaure  nutritional  differeneea 
which  may  have  exlated  among  the  batchea  of  hay.     Experimental 
procedures  used  to  aaaay  the  relative  value  of  hay  for  milk  pro- 
duction have  varied  widely.     Dawaon  e^  £!•   (19^0)   obtained  re- 
sults from  365-day  lactationa  with   the  cowa  receiving  an  all- 
hay  diet.     Looall  ej&  al.   (1950)  reported  a   difference  of  1.1 
pounda  of   four  percent  fat   corrected  milk  in  favor  of  the  early 
harveated  hay.       loaaer  at  al.   (1957)   reported  feeding  silage 
at  the  rate  of  three  pounds  to  each  100  pounda  of  body  weight. 
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Bloeeer  fad  groin  at  an  roxlmstely  the  same  level  as  was  fad 
in  this  experiment.     The  mature  bay  used  by  Huffman  (1956)   waa 
rain-daiaaged,  while   the  alfalfa  harvested  at  the  immature 
atage  was  stored  without  weather  damage* 

Body  Woight 

Body  weight  increased  for  sll  treatments  except  second- 
crop  bud-stage  hsy.     In  general,   the  weights  varied  In  the  eaao 
direction  of  hay  consumption  and  milk  production  even  though 
their  differences  among  treatments  vre   insignificant.     Obser- 
vation of  the  array  of  body  actght  ohanges  within  the  blocks 
suggest  arrstlo  vsristions  within  tha  treatments.     The  non- 
significance  of   the  variation  among  the  treatment*   is  attribut- 
able to  this  variation* 

IWIttf 

A  study  was  made  of  the  effects  of  ataga  of  maturity  and 
cutting  of  alfalfa  hay  on  its  feeding  value  for  dairy  eowe. 

The  first  cutting  of  tha   1956  crop  was  harvested  at  the 
bud  stage*  one-half  bloom,  and  full  bloom  staga  of  maturity  and 
the  aaoond  crop  was  harvested  at  tfce  bud  stage,  one-"ourth 
bloom  and  full  bloom  stage  of  maturity. 

arnica!  snalynia  of  the   **orage  gave  crude  protein  and 
c  ude  fiber  percentages  for  tha  firat  crop  at  bud  stage  of  17*9 
and  ?B.7;   one-half  bloom  18.3  and  l|«||   and  full  bloom,   19*? 
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and  27. k,   respectively.     The   Inoresses   in  crude  pro'.otn  »nd 
decrease   In  crude  fiber  were  believed  to  be  the  result  of  a 
late  frees*  whloh  caused  the  loas  of  most  of   the  lesves  before 
the  bud  stsge  was  cut.     Regrowth  of  leaves  after  the  bud  stag* 
wss  removed,  waa  hollowed  to  have  been  the  oause  for  the  ln- 
eresse  In  crude  protein  and  decrease  in  crude  fiber.     For  the 
second  crop  the  percent  of  crude  protein  and  crude  fiber  were 
bud  stage  26.2  and  25*6*  one-fourth  bloom  19.5    <nd  27.6|  and 
full  bloom  17.4  *nd  29 .9  »  respectively* 

The  warletions  in  palatability  among  the  six  hays  studied 
were  significant.     The  bud  stage  of  maturity  from  the  first 
crop  was  the  moat  palatable  while  the  full  bloom  hay  of  the 
second  cutting  was  the  least  palatable.     The  varlatlona  between 
the  two  cuttings  and  between  cows  were  nonsignificant. 

Results   from  feeding  five  different  hays  in  an   incomplete 
block  ewitch-bsok  trial  using  a  total  of  19  cowe  in  four  blocks, 
were  studied  in  regerd  to  hay  consumption,  milk  production, 
and  body  weight.       »ch  of  the  four  blocks  was  run  fcr   63  days 
which  included  three  21-dey  periods* 

Hey  consumption  per  eow  varied  significantly  among  hays. 
liay  consumed  in  largest  eisounts  was  har vested  at   full  bloom 
from  the  first  cutting,  while  that  consumed  in  smallest  amounts 
waa  harvested  at  bud  stage  from  the   first  cutting*     Hay  con- 
sumption on  the  basis  of  body  weight  did  not  vary  significantly. 

■either  milk  production  nor  body  welght-chang<  a  varied 
significantly  among  treatments,   among  cows  or  between  cuttings* 
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Table  8»  Deaerlptlre  data  concerning  cowa  used. 


t     :        tDate  of 
Block  t  Cow  I  brerd  :  birth 


tDate   tDaya   tDate 
tcalvcd  tin  milk: bred 


iDate  eaelg- 
tnad  to  expt. 


Pa lata - 
blllty 


II 


III 


IV 


378B  Jeraey   5/18A951  &*y 
392B  Jeraey   8/16/195?  Dry 


k/20/56  1/23/56 
6/11/56  10/23/56 


134«  Boletaln  6A^/52 
138B  Holafceln  9/  7/52 
167B  Kolateln  2/25/5** 
l68B  Hole te In  5/  3/55 
I69B  Holatein  5/  9/55 


8/  6/56 
3/20/56 
7/23/56 
8/28/56 
8/23/56 


82  12/17/56 
68  11/21/56 
96     opan 
61  11/17/56 
66  12/20/56 


10/27/56 


311C  Jeraey 
317C  Jeraey 
318C  Jeraey 
355B  Jeraey 
350B  Jeraey 


3/25/59 


%. 


V  3A9 


5/  5/56 


315B  Ayrahlra  6/  Ii/5l 
231B  Ayrahlra  7/6^.2 


)8b 


Ayrahlre 
Ayrahlre 


9/22/ 


257B  Ayrahlra  5/13/55 

30^C  Jeraey  5/23/53 

309C  Jeraey  12/12/53 

350B  Jeraey  11/  ">A9 

395*  Jeraey  7/  2/55 

397*  Jeraey  12/  2/52 


9/16/56 
10/27/56 
10/17/56 
10/23/56 
10/13/56 

12/20/56 
11/  1/56 
5/5/56 
12/15/56 
10/13/56 


S8  M?£Z 
52  12/  5/£6 

12/2C 

1/ 
I96   open 

72  12/30/56 
31  I/3I/56 

^1   opan 
6  1/  U/57 
75  1/ 


10/27/56 
10/27/56 

11/17/56 
11/17/56 
11/17/56 
11/17/56 
11/17/56 

11/27/56 
11/27/56 


£! 


11/27/ 

11/27/^6 

11/27/56 


35     2/27/56 
3L     1/15/57 

r6lt       open 
71       open 

103  12/30/57 


lM/57 
1/21;  /57 
1/2U/57 

1M/57 
1/25/57 


3d 

Table  9.     Falatabillty  trial  —  hay  o 

onaumptior 

i.  oangar 

assignment. 

1 

i     bud 
t        fman- 

•  t        linen- 

tfuii 

-t           ! 

blon 
MBH 

:              Second  TO^t,tat 
»:       Bud     t             «  ifull  bloo» 

t        :man- 

.1         IMA. 

>:       t 

nan- 

I 

uy         :1b. J gar 
ember 

rlb.iger 

tlb.t 

mn 

flb.: 

T(-r 

:lb,tg*r 

:1b. i 

^er 

Nov 

tj 

P.M.    5.6 

<* 

S.li     6 

9U 

l 

.7 

3 

7.7 

6.7 

2 

1.6 

fc 

6 

A.M.     5.0 

I 

8.2     6 

o.? 

1 

M 

3 

2 

1.6 

I 

P.M.     6.2 

h.5    5 

7.2 

3 

1.6 

2 

1*1 

1 

1.6 

7 

A.M.     6*9 

1 

7.6 

3 

3-? 

2 

It.l 

1 

1.2 

6 

P.M.     9.9 

bio    U 

Lt 

2 

1 

?*7 

3 

2.7 

5 

1 

A.M.       ' *ty 

6 

6.0    5 

2 

It  .6 

1 

lt.l 

3 

1.6 

5 

P.M.     h.8 

6 

!i-k   2 

it.it 

3 

9.0 

E 

1.7 

5 

6.8 

l 

9 

A.¥.     6.1* 

6 

8.2     2 

1.2 

3 

5.5 

o 

0.3 

I 

2.4 

1 

P.M.     U-3 

5 

5.8    3 

2.9 

1 

1.6 

6.3 

2 

10 

A,   .     ^.6 

8.5     3 

5.3 

1 

it. 6 

6 

4.0 

I 

1.2 

2 

F.M.      4.7 
A.M.      2.8 

h 

7.0    1 

6.1 

2 

5.8 

5 

?•? 

•0.2 

3 

11 

t 

8.0    1 

7.7 

1 

5 

ft.3 

6 

0.7 

3 

12 

P.M.     6.7 
A.M.     9.2 
P.M.     6.2 

i 

3.3     1 

3.0     1 

B 

6 
6 

5.1* 
7.2 

2 
2 

2.9 
7.8 

I 

i 

0.4 
Lit 

5 

5 

3.9     ■ 

2.2 

h 

2.0 

| 

4.9 

i 

0.1 

6 

13 

A.M.     7.5 

2.1     2 

h 

!t.l 

3 

*." 

i 

2.8 

6 

P.M.      8.2 

I 

k*l    3 

3.1 

5 

M 

1 

2 

-0.2 

4 

Ut 

a.m.     7.6 

6 

7.9     3 

5.3 

5 

l:\ 

1 

5.3 

2 

OftU 

o 

P.M.     9.6 

l 

1.5    3 

S.2 

2 

5 

7.1 

4 

0.2 

15 

A.M.    10.0 

l 

2.1    3 

5.2 

2 

7.0 

5 

1:1 

* 

0.4 

6 

P.M.     7.3 

2 

-0.1     1 

Let 

3 

0.9 

6 

%3 

4 

16 

AftM        7.0 

2 

0.1    1 

& 

5 

H 

6 

8.1 

5 

3.2 

4 

.*.    5.6 

3 

0.1*    3 

i 

jt 

->.0 

6 

1.2 

5 

17 

A.M.     9.7 

0.7     1 

7.1 

i 

8.0 

j 

6.0 

6 

1.9 

5 

P.M.      7.!* 
A.M.      6.2 
P.M.      7.5 
A.M.      IJ 

j 

.8    1* 

%8 

5 

6.7 

1.5 

1 

1.0 

2 

18 

3 

1 

.1  I 

5.0 
3.2 

i 

6.5 

6 
5 

2.1 

1.0 

1 

? 

6.7 
it. 2 

2 

19 

1 

6.?    6 

3.2 

I 

2.9 

I 

V 

2 

1.4 

•      e         1  •  1 

2 

2.8    5 

1.3 

?. 

2.3 

3 

2.2 

20 

A.M.      7.1 

2 

5.6    5 

3.? 

6 

7.6 

c 

8.4 

2 

It."* 

P.M.     7.5 

2 

3.4    5 

i.5 

E 

It. 3 

1 

2.1 

0.2 

21 

A.M.      Q.6 
P.M.     8.8 

2 

5.3    5 

5.1 

E 

4.9 

1 

5.4 

6 

2.9 

3 

3.5    6 

1.9 

5 

x*7 

2 

5.2 

jt 

0.1 

22 

A.M.      7.2 

P.m.     6.9 

3 

1».6    6 

M 

5 

M 

1 

5.9 

It 

4.o 

1 

5.0    h 

2.6 

6 

?.i 

-J 

K 

5 

s 

2 

S3 

A.M.     7.5 

1 

9.0    It 

0.6 

6 

1.6 

3 

5 

2 

Total       253.1* 

159.9 

156.0 

17^.1 

Ltlal 

68.9 

1  Co*  392B  bad 

nangere  1. 

2  and 

?. 

Cow  378B  had 

mangers  it, 

5  and  6. 
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by 


' 


.     .,         Mi  Stat*  Oslltgt  or  A«vlS»ltaMt 
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AM  ABSTRACT  OP  A  THESIS 
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requirements  for  the  degree 


MASTER  OP  SCIFMCE 


Depertaent  of  Dairy  Husbandry 


JCAKSAS   STAT*  C0LLB9F 
OP  AORICUkTURP  AHD  APFLIFD  SCIEHCF 


1958 


Alfalfa  bay  ia  the  moat  Important  forage  crop  utilized 
in  the  roughage  program  of  the  dairy  cow  of   the  United  Ststes. 
Maturity  of  the  forage  crop  when  harvested,   chemical  comi ©- 
sition,  digestibility,   lea fines a,  rate  of  voluntary  consumpt- 
ion «<nd  yield  of  the  forage  are  factors  that   contribute  to 
the  feeding  value  of  alfalfa  hay* 

This  atudy  wss  undertaken  to  determine  the  effects  of 
harvesting  the  first  snd  second  crop  of  alfalfa  hay  at  three 
different  ategee  of  maturity  on  lta  feeding  value  for  dairy 
cattle.     The  alfalfa  hay  studied  was  from  the  1956  crop  har- 
vested at  bud  stage*  one-half  bloom,  and  full-bloom  stsge  of 
maturity  for  the  flrat  cutting;   and  bud  stsge,   one-fourth 
blo-vm.  and   ~ull  bloom  for  the  second  crop. 

Tield  data  were  not  obtained  because  of  extreme  variation 
between  the  fields  of  hay  studied,  ss  the  result  of   drought 
condition. 

Chemlcsl  analyeea  of  the  first  crop  hay  studied  gave 
crude  protein  and  crude  fiber  percentages  for  bud  stsge  of 
17.9  *nd  23. 7|  one-half  bloom,   18.3  and  29. 8|  «nd  full  bloom, 
19.2  and  26.it,  respectively.     The  erratic  changes  in  crude 
protein  and  crude  fiber  within  this  cutting  were  attributed 
to  a   loss  of  leaves  due  to  a  late  freese  with  subeequent  re- 
growth  at  Is tar  stages  of  maturity.     The  crude  prct^in  and 
fiber  for  the  second  crop  bud-stage  was  ?6.1  and  ?5.6j  one- 
fourth  bloom,   19.5  and  ?7.6j   and  full  bloca,   17.U  «nd  HeJ 
percent,    respectively. 


Relative  ;  elatability  baaed  on  consumption  of  th*  six 
bsys  by  two  eo*s   Ifi41*ata4  significant  diff^rencea  among  the 
bays.     The  first  cutting  harvested  at  t;-e  bud  stage  waa  the 
noat  palatabla  hay  while  the  ^ull  blooi  second  cutting  bay  was 
the  leaet  palatabla  of  the  hay*. 

The  aample  highest  In  crude  protein  and  lowest  Ln  crude 
fiber  waa  mow-damaged  aa  the  result  of  being  stored  with  ex- 
ces  ive  molature.     This  hay  waa  leaa  palatable  than  the 
comparable  atage  of  maturity  fro»  the   first  cutting  and  wore 
palatabla   than  the  second  cutting  of  hay  at  full  bloosu 

An  incomplete  block  switchback  design  was  utilised  to 
study  hay  consumption,  Bilk  production  and  body  weight  changes 
with  19  cows#  using  all  the  haya  except  the  bud  stage  hay 
from  the  firat  cutting. 

Hay  eonaustptlon  per  cow  varied  algnlf ioantly  among  the 
five  haya*     The  first  out ting  hay  harvested  at  full  bloom  waa 
eaten  in  largest  amounte.     Tho  inverse  protein  and  fiber  re- 
latlonahlr,  attributed  to   the  loas  of  leaves  after  s  lata 
freeze,   la  believed  to  have  been  a  predisposing  factor  in  the 
greater  consumption  of  the  mature  hey.     The  hay  eaten  at  the 
lowest  level,  bud  stsge  from  the  second  crop,  was  mow-damaged 
aa  the  result  of  having  been  atored  too  green* 

Bay  consumption  per  1,000  pounds  of  body  weight  and  dally 
Bilk  production  followed  the  saaa  general  trend  among  the  five 
treataents  aa  hay  coneumptlon  per  cow.     However,  the  variations 


among  treatments  for  both  hay  consumption  p«r  1,000  pounds 
of  body  weight  and  milk  production  were  insignificant. 

The  body  weight  changes  were  not  significantly  different 
sjsong  the  five  treatments* 


